Introduction
============

Bariatric surgery has become a common strategy used in the treatment of severely obese patients with a body mass index (BMI) \>40 or \>35 kg m^−2^ with severe co-morbidities. The effectiveness in improving abnormalities in insulin and glucose metabolism ranges from 48% with gastric banding to 99% in biliopancreatic diversion (BPD) with or without duodenal switch (DS).^[@bib1],\ [@bib2]^ As early as 1995,^[@bib3]^ RYGB bariatric surgery was recognized as a 'cure\' for diabetes. In restriction/malabsorption procedures, improved insulin sensitivity occurs before any significant weight loss, with studies reporting 80--100% remission rate within days (1 week) of surgery.^[@bib4],\ [@bib5]^ Even performing a duodenal-jejunal bypass in non-obese patients with type 2 diabetes (T2D) leads to disease remission in a majority of patients.^[@bib6],\ [@bib7]^ Information on factors to predict an improvement in insulin sensitivity would provide biomarkers and contribute to understanding the mechanisms involved.

Little is known regarding the exact mechanisms involved, but several have been proposed: (i) physical (anatomical) changes, (ii) hormonal changes (gastro-intestinal or other hormones) and, (iii) postoperative caloric restriction. The 'foregut\' hypothesis proposes that bypass of the proximal small intestine results in inhibition of a putative signal responsible for insulin resistance, and explains the more rapid diabetes resolution in those undergoing malabsorptive bariatric surgery vs procedures that are solely restrictive. The 'hindgut\' hypothesis suggests that early contact of the distal bowel with relatively undigested food enhances signals (such as hormones including incretins) that improve glucose metabolism. Postoperative caloric restriction may also contribute to the early resolution.^[@bib9],\ [@bib10]^ Changes in gastrointestinal and pancreatic hormones, including incretins as well as adipokines and cytokines, are reported over weeks to years, during which there are weight changes.^[@bib8],\ [@bib9]^ Few studies have examined changes within days, where there is no weight change. Most attention has focused on the incretins GLP-1 and GIP, which alter insulin secretion (entero-insular axis) and peripheral postprandial lipid and glucose clearance.^[@bib11],\ [@bib9],\ [@bib12],\ [@bib13]^ However, results are controversial with both early increases in GLP-1 and decreases in GIP (consistent with improved insulin sensitivity),^[@bib14],\ [@bib15]^ and the converse reported.^[@bib16]^ Further, animal studies are inconclusive.^[@bib11],\ [@bib17]^

A proposed link to the gut-adipo-insular axis has also been suggested.^[@bib18]^ The links between adipose tissue function, fatty acid metabolism, and glucose uptake into insulin-sensitive tissues (such as muscle) are now well established in healthy, obese and diabetic subjects. Adipose tissue is also an active endocrine organ secreting a variety of adipokines including leptin, adiponectin, acylation stimulating protein (ASP) and many others.^[@bib19],\ [@bib20]^ Over the past decade, the concept that hypertrophic adipose tissue is a promoter of type 2 diabetes progression owing to changes in adipokines and proinflammatory molecules, and their effects on impairment of insulin sensitivity has become accepted.^[@bib21]^ With respect to bariatric surgery, 1 week after BPD, reductions of plasma leptin have been observed before any weight changes,^[@bib14],\ [@bib16]^ although not all agree.^[@bib22]^ By contrast, there was no short-term change in adiponectin.^[@bib23],\ [@bib14],\ [@bib16]^ However, neither of these hormones has been directly suggested to be responsible for the rapid improvement in insulin sensitivity in these studies.

ASP (aka C3adesArg) is a lipogenic adipokine produced by adipose tissue through the interaction of the precursor proteins of the alternative complement pathway C3, factor B, and adipsin.^[@bib19]^ ASP is linked to obesity through its action to enhance triglyceride (TG) synthesis and storage in the adipocyte, via its receptor C5L2. ASP increases both glucose uptake as well as fatty acid esterification, independently of and additively to insulin.^[@bib19]^ Plasma ASP levels are increased in a number of metabolic disorders associated with obesity including insulin resistance, hypothyroidism, type 2 diabetes, polycystic ovary syndrome and cardiovascular disease.^[@bib19],\ [@bib24],\ [@bib25],\ [@bib26],\ [@bib27]^ With weight loss, either diet- or surgery-induced, plasma ASP decreases.^[@bib19]^ Interestingly, obesity is not an essential feature of elevated ASP levels, as ASP is increased in subjects with type 2 diabetes, polycystic ovary syndrome, and lipoprotein lipase deficiency, even in the absence of obesity,^[@bib24],\ [@bib26],\ [@bib27]^ suggesting that it may be a compensatory increase associated with adipose tissue dysfunction or insulin resistance.^[@bib28]^

In the present study, we conducted a comprehensive investigation of short-term and long-term endocrine and metabolic changes following BPD-DS. Our aim was to evaluate potential acute changes in ASP levels, and the association with improvement of insulin resistance and diabetes before weight loss, (1 day and 5 days postoperatively) to evaluate ASP as a predictive factor for improved insulin sensitivity in the absence of weight loss. Further, we evaluated whether the short term and long-term ASP changes (6 months and 12 months) after BPD-DS surgery were present and similar in non-diabetic and diabetic women.

Materials and methods
=====================

Subjects
--------

Subjects scheduled to undergo bariatric surgery (BPD-DS) were recruited through the bariatric surgery clinic of the Institut universitaire de cardiologie et de pneumologie de Québec (IUCPQ). Subjects were randomly selected (in chronologic order of surgeries, regardless of diabetic status or current medication) for participation based on inclusion criteria: women, \>18 years of age, BMI⩾40 or BMI⩾35 kg m^−2^ with associated comorbidities, and were collected from surgeries performed between July 2006 to May 2008. Subjects who had previously undergone bariatric surgery or those bearing a pacemaker were excluded (patients with a pacemaker cannot undergo electrical bioimpedance assessment). Only subjects who completed the study (5 time periods, with blood samples collected and available) were included for subsequent biochemical analysis. Laboratory procedures were completed before statistical analysis was performed. The experimental protocol was approved by the ethics committee of the IUCPQ and all patients gave their written informed consent.

Anthropometric and biochemical measurements
-------------------------------------------

Women were assessed preoperatively (within 3 months of surgery) and postoperatively (24 h, 5 days, 6 months and 12 months). Blood samples were collected between June 2006 to May 2009. Height was measured using a stadiometer (SECA, 216 1814009, Brooklyn, NY, USA). Total body mass, BMI, lean and fat masses were evaluated by electrical bioimpedance balance using standard formulas (Tanita TBF-310, Tokyo, Japan) following a 12-h fast. BMI was calculated as weight (kgs)/height (m^2^). Medical history was collected for diabetes, hypertension, coronary artery disease and dyslipidemia as well as the corresponding pharmacological therapy. The information provided by the patient was confirmed by consulting clinical files.

Venous blood was collected following a 12-h fast into EDTA containing tubes. Glycated hemoglobin (HbA1c) was evaluated in a fresh sample by turbidimetric inhibition immunoassay. All other tubes were rapidly placed on ice, centrifuged within 15 min, plasma collected and frozen in aliquots at -80 °C until analysis. Assays were measured in the hospital clinical biochemistry laboratory using standard methodology or in the research laboratory (CRP, C3, ASP and NEFA). High-sensitive C-reactive protein (hsCRP) and apolipoprotein B (apoB) levels were measured by immunoturbidimetric method (Integra 800 System, Roche Diagnostics, IN, USA). Complement C3 was measured by immunoturbidimetry (Kamiya Biochemical Company, Seattle, WA, USA). Plasma ASP was measured by ELISA.^[@bib29]^ Non-esterified fatty acid (NEFA) was analyzed by colorimetric enzymatic assay (Wako Pure Chemicals, Richmond, VA, USA). All other biochemical assays were performed using a Modular system (Roche Diagnostics). LDL-cholesterol concentration was calculated with Friedewald\'s formula (no subjects had triglyceride values\>4.5 mM).^[@bib30]^ Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated from fasting plasma insulin and glucose levels as (insulin x glucose)/22.5, where insulin concentration is reported as milliunits per liter and glucose as millimolar concentrations.

Statistical analyses
--------------------

All results are expressed as mean±s.d. or s.e.m. as indicated. The fasting data values were compared between non-diabetic and diabetic women using unpaired Student\'s *t*-test. Comparison across different times were analyzed by repeated measures ANOVA followed by Holm Sidak *post-hoc* test. Correlations of selected parameters were analyzed by linear regression (Forward Stepwise regression). GraphPad Prism (San Diego, CA, USA) and SigmaStat (San Rafaeal, CA, USA) software programs were used for graph and statistical analyses. Significance was set at *P⩽*0.05, where NS indicates 'not significant\'.

Results
=======

Pre-operative body weight and composition
-----------------------------------------

Subjects were randomly selected (in chronologic order of surgeries, regardless of diabetic status or current medication) for participation based on inclusion criteria: women, \>18 years of age, BMI⩾40 or BMI⩾35 kg m^−2^ with associated comorbidities, and were collected from surgeries performed between July 2006 to May 2008. Only subjects who completed the study (5 time periods, with blood samples collected and available) were included for subsequent biochemical analysis. Of the 54 women, 32 were non-diabetic, and the women were separated into two groups for analysis based on diabetic status. Twenty-two women had been previously diagnosed as diabetic and were being treated accordingly with diet, biguanides, sulfonylureas, thiazolidinediones and/or insulin as indicated in [Table 1](#tbl1){ref-type="table"}. Eighteen diabetics were being treated with lipid-lowering therapy. Preoperative body composition and biochemical measurements are shown in [Table 1](#tbl1){ref-type="table"}. Diabetic and non-diabetic women were of similar age, body size and per cent fat mass. Plasma triglyceride levels and ASP were significantly higher in diabetic women compared with non-diabetic women (*P*\<0.05) as were glucose, HbA1c and fructosamine. However, plasma C3 and hsCRP were not significantly different.

Changes in BMI and body composition following BPD-DS surgery
------------------------------------------------------------

Postoperatively, women were followed up at 24 h (1 day), 5 days, 6 months and 12 months. Acutely (5 days), there was no significant change in body composition ([Table 2](#tbl2){ref-type="table"}), but in both non-diabetic and diabetic women, respectively, at 6 months, there was a 26 and 25% decrease in BMI, reflecting a decrease in both fat mass (−39 and −40%) and lean mass (−12 and −10%), with an overall decrease in per cent body fat ([Table 3](#tbl3){ref-type="table"}). This was also true at 12 months, with further decreases in fat mass (−58 and −55%), although the patients still remained within the obese range based on BMI.

Acute and long-term lipid, lipoprotein and liver enzyme responses
-----------------------------------------------------------------

Preoperatively, Plasma cholesterol, HDL-cholesterol and LDL-cholesterol decreased at 1 and 5 days in both non-diabetic and diabetic women, at which point none were on lipid-lowering therapy ([Table 2](#tbl2){ref-type="table"}). Over the long-term, there was a significant reduction of fasting cholesterol, HDL-cholesterol and LDL-cholesterol in both non-diabetic and diabetic women, while plasma TG and apoB levels decreased only in the non-diabetic women ([Table 3](#tbl3){ref-type="table"}).

ASP, complement C3 and hsCRP before and after BPD-DS surgery
------------------------------------------------------------

Circulating post-operative ASP levels ([Figure 1b](#fig1){ref-type="fig"}) decreased significantly and comparably in both cohorts (−25% in non-diabetics and −35% in diabetics at 1 day, and −20% in non-diabetics and −34% in diabetics at 5 days), with no difference between non-diabetics and diabetics, while BMI did not change significantly over this time period ([Figure 1a](#fig1){ref-type="fig"}). Plasma ASP decreased further over the next 12 months (maximal −56%, *P*\<0.001), with concomitant weight loss. More than half the maximal decrease over the 12 months, occurred within the first day, and was maintained thereafter.

Complement C3, the precursor to ASP, as well as a central immune protein, was also evaluated ([Figure 1c](#fig1){ref-type="fig"}). C3 decreased acutely at 1 day, returning towards initial values at 5 days. By contrast, the inflammatory marker hsCRP was significantly increased at both 1 and 5 days ([Table 2](#tbl2){ref-type="table"}). Both C3 and CRP decreased comparably at 6 and 12 months in both non-diabetic and diabetic women.

Rapid improvement in diabetes and insulin resistance
----------------------------------------------------

At 1 day after BPD-DS surgery, fasting glucose increased significantly in non-diabetics, with insulin increases in both groups of women ([Figure 2a and b](#fig2){ref-type="fig"}). By 5 days after surgery, only 14 of 22 diabetics were still receiving medication (primarily biguanides) and fasting plasma glucose and insulin were within normal ranges (although diabetics were higher than non-diabetics). There was a decrease in HOMA-IR at 5 days ([Figure 2c](#fig2){ref-type="fig"}). Fasting fructosamine levels decreased at 1 and 5 days post-bariatric surgery ([Table 2](#tbl2){ref-type="table"}).

With weight loss (6 and 12 months), glucose, insulin and HOMA-IR continued to decrease. At 6 and 12 months, fructosamine was decreased compared with preoperative values. During this time, the number of diabetics receiving treatment decreased (5 patients at 6 months and only 2 still being treated at 12 months).

ASP and complement C3 correlate with diabetes and insulin resistance improvement
--------------------------------------------------------------------------------

The rapid changes in plasma ASP and C3 at 1 day precede the improvement in glucose- treatment insulin homeostasis that was only evident by 5 days. Using HOMA-IR as an index of glucose-insulin homeostasis, we evaluated which early changes in parameters at 1 day (including all those listed in [Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}) could account for the improvement in HOMA-IR. Similar results were obtained when all subjects were analyzed together, or for diabetics and non-diabetics analyzed separately. For all subjects together, as shown in [Table 4](#tbl4){ref-type="table"}, a combination of acute change in ASP, HDL-cholesterol, total cholesterol and hsCRP explained 45% of the variation in HOMA-IR at 5 days (*P*\<0.001), and a combination of acute change in ASP, HDL cholesterol and hsCRP explained 35% of the variation in delta-HOMA-IR (change from baseline to 5 days, *P*\<0.001).

Discussion
==========

The significant findings of the present investigation are that at a very early time point (1 day) after BPD-DS surgery, when no significant changes in body weight and fat mass were measurable, the non-diabetic and diabetic women experienced marked reductions of fasting ASP and complement C3 levels. By 5 days post-surgery, all patients studied showed a marked decrease in fasting glucose, insulin, HOMA-IR and fructosamine levels, with a consistent maintenance of decreased ASP. At this time, there was as yet no change in body weight. This is shown graphically in [Figure 3](#fig3){ref-type="fig"}. By 6 and 12 months, with the large decreases in body weight and fat mass, there were further decreases in plasma ASP, C3, insulin, glucose, hsCRP levels, and various lipid parameters, consistent with other studies,^[@bib31],\ [@bib32]^ and as demonstrated with other adipokines such as leptin.^[@bib32]^

The strengths and limitations of this study should be noted. In the present study, there was no comparison to a weight loss group induced by non-surgery means, although diet studies rarely achieve weight losses of this magnitude (\>50% loss of fat mass). Further, changes within the first 24 h may relate to post-surgery stress (discussed below). On the other hand, these subjects were thoroughly evaluated at multiple time points, allowing intra-individual comparison of changes over 1 year.

It should be noted that the acute decreasess in plasma ASP and its precursor, immune protein complement C3, do not parallel the post-surgery increases in hsCRP that may be inflammatory in nature, and a direct consequence of the surgery. This contrasts with acute changes in leptin, which also increase within the 24 h period, along with increases in other inflammatory factors such as TNFα, sIL2R and IL6.^[@bib22]^ At 2--3 days postoperative, leptin levels are not different from preoperative levels, although inflammatory factors are still increased.^[@bib22]^ This suggests that the changes in ASP may be more related to metabolic improvement than to an inflammatory response.

Interestingly, the rapid decreases in ASP that are maintained at 5 days, as with the improved insulin sensitivity by 5 days, are independent of body weight changes (which only occur later). It has been suggested that the mechanism of rapid resolution of diabetes may be due to physical (anatomical) changes, hormonal changes (gastro-intestinal or other) or postoperative caloric restriction. Data from this study support the concept that hormonal changes, such as changes in ASP, may contribute to improved insulin sensitivity, but also raise the question of what mediates the changes in plasma ASP.

Plasma ASP increases in obesity and decreases with weight loss, correlating with various indices of body size (such as BMI).^[@bib19]^ Further, plasma ASP correlates in a number of studies with indices of insulin-glucose metabolism (such as HOMA-IR) and various lipid parameters.^[@bib19]^ However, independent of obesity, plasma ASP is increased in non-obese subjects, including those with diabetes, polycystic ovary syndrome, hypothyroidism, cardiovascular disease and dyslipidemia,^[@bib6],\ [@bib27],\ [@bib25],\ [@bib19],\ [@bib26]^ suggesting other regulatory mechanisms. In particular, dietary intake, especially the dietary lipoproteins chylomicrons, stimulate production of ASP *in vitro* in adipocytes,^[@bib33],\ [@bib34]^ and *in vivo* in human studies.^[@bib35],\ [@bib36],\ [@bib37]^ In the present context, while acute caloric restriction at 1 day (fasting state) may explain a decreased ASP level, at 5 days, fasting TG and NEFA are comparable to preoperative values, suggesting another mechanism. It has been proposed that alterations in the gastrointestinal tract can influence the gut-adipo-insular axis, as demonstrated by changes in adipose tissue metabolic cycling in post-colonic surgery patients.^[@bib18]^ Potentially, changes in adipose tissue function post-BPD-DS surgery, could impact on ASP production. Thiazolidinedione treatment in type 2 diabetics, which alters adipose tissue function, decreases ASP production in adipose tissue in humans,^[@bib37]^ which might explain why diabetics overall did not have significantly different ASP levels at the pre-operative time point. However, at 5 days, only two subjects were receiving thiazolidinedione treatment. Whether incretins themselves (GLP-1 or GIP) have any effect on ASP is unknown, although GLP-1 affects adipose tissue function.^[@bib12],\ [@bib13]^

Decreased plasma ASP suggests a change in subsequent ASP function. Increased insulin and glucose are indicative of insulin resistance, while a decrease indicates improved insulin function. By analogy, an increased plasma ASP may suggest compensation, indicative of an 'ASP resistant\' state.^[@bib28]^ ASP resistance is demonstrated *in vitro* by reduced specific binding and response to ASP in cells from subjects with high ASP levels.^[@bib38]^ Hypothetically, a decrease in plasma ASP could be reflective of increased ASP sensitivity, although this remains to be demonstrated experimentally. ASP has effects on TG storage and glucose transport in adipocytes, effects that are both additive and independent to those of insulin.^[@bib19]^ ASP has been shown to stimulate insulin secretion.^[@bib39]^ The rapid decreases in plasma ASP may contribute to the decreased insulin, having a supportive role, as with the incretins.

In conclusion, acute down regulation of ASP and C3 levels are associated with early improvement of insulin resistance and diabetes after BPD-DS surgery evidenced by a normalization of both glucose and insulin levels. Whether the increased ASP levels contribute to the insulin resistance, or are increased to compensate for the insulin resistance remains to be determined.
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![Changes in body weight, plasma ASP and complement C3 after BPD-DS bariatric surgery occur before changes in BMI. Changes in BMI (**a**), and plasma levels of ASP (**b**),and complement C3 (**c**) before and after BPD-DS surgery at 1 and 5 days (d), 6 and 12 months (m) are presented for non-diabetic (*n*=32) and diabetic (*n*=22) women. Significance was determined by one-way repeated measures ANOVA following by Holm--Sidak post-hoc test. Values are presented as mean±s.e.m., where \**P*\<0.05, \*\**P*\<0.01 and \*\*\**P*\<0.001 vs baseline, and ^δ^indicates significance vs 1 day, ^£^significance vs 5 days and ^ϕ^significance vs 6 months.](nutd201213f1){#fig1}

![Changes in glucose, insulin, and HOMA-IR after BPD-DS bariatric surgery occur before changes in BMI. Results are presented for glucose (**a**), insulin (**b**), and HOMA-IR (**c**) before and at 1 and 5 days (d), 6 and 12 months (m) after BPD-DS in non-diabetic (*n*=32) and diabetic (*n*=22) women. Significance was determined by one-way repeated measures ANOVA following by Holm--Sidak post-hoc test. Values are presented as mean±s.e.m., where \**P*\<0.05, \*\**P*\<0.01 and \*\*\**P*\<0.001 vs baseline, ^δ^significance vs 1 day, ^£^significance vs 5 days.](nutd201213f2){#fig2}

![Graphical representation of time frame of changes in ASP, HOMA-IR and bodyweight. Changes in ASP initiate at an early time point (1 day), before changes in HOMA-IR (5 days), and in the absence of any change in body weight, which only occurs in the months following bariatric surgery. ↓decrease, ↔no change, BW body weight.](nutd201213f3){#fig3}

###### Pre-operative characteristics of BPD-DS surgery women

  *Variables*                     *Non-diabetic*   *Diabetic*        
  ------------------------------ ---------------- ------------- ---------
  *Demographics and treatment*          32             22          *P*
  Age (years)                       38.3±10.3       42.0±10.6      NS
  Diabetic medication (%)           0/32 (0%)      20/22 (91%)   \<0.001
  Lipid medication                  4/32 (13%)     18/22 (82%)   \<0.001
                                                                     
  *Body composition*                                            
   BMI (kg m^−2^)                    48.6±7.4       49.8±7.9       NS
   Fat mass (kg)                    66.9±13.5       66.2±14.8      NS
   Lean mass (kg)                    59.3±8.1       61.0±9.5       NS
   Fat percentage (%)                52.8±2.6       51.7±3.6       NS
                                                                     
  *Biochemical measures*                                        
   ASP (nmol l^−1^)                 30.0±15.7       38.4±21.0    \<0.05
   C3 (mg dl^−1^)                   1.99±0.34       2.09±0.4       NS
   hsCRP (mg dl^−1^)                14.1±24.2       10.8±8.1       NS
   Glucose (mmol dl^−1^)            5.76±1.67       8.28±3.28    \<0.001
   HbA1c (%)                        5.62±0.88       6.81±1.03    \<0.001
   Insulin (pmol l^−1^)               149±71         193±119         
   Fructosamine (μmol l^−1^)          202±33         230±47      \<0.01
                                                                     
  *Lipid parameters*                                            
   TG (mmol l^−1^)                  1.38±0.57       1.81±0.82    \<0.05
   Cholesterol (mmol l^−1^)         4.80±0.68       4.53±1.04      NS
   HDL-Chol (mmol l^−1^)            1.40±0.30       1.26±0.35      NS
   LDL-Chol (mmol l^−1^)            2.78±0.59       2.45±0.77      NS
   Apo-B (mmol l^−1^)               0.79±0.16       0.75±0.20      NS
   NEFA (mmol l^−1^)                0.55±0.12       0.53±0.17      NS

Abbreviations: ASP acylation stimulating protein; BMI, body mass index; Chol, cholesterol; hsCRP, high-sensitivity C-reactive protein; NEFA, non-esterified fatty acid; TG, triglyceride; The values are presented as mean±s.d. and significant differences analyzed by Student\'s *t*-test for non-diabetic women vs diabetic women where pNS indicates not significant. For diabetic and lipid lowering medication, results were analyzed by *χ*^2^.

###### Early changes in plasma values in non-diabetic and diabetic patients following BPD-DS surgery

  *Variables*                  *Non diabetic women* n=*32*  *Diabetic women* n=22                                                                              
  --------------------------- ----------------------------- ----------------------- ---------------- --------- ----------- ---------------- ------------------ ---------
  BMI (kg m^−2^)                        48.6±7.4                                    48.6±7.4         NS          49.8±8                     49.8±8.4           NS
  Fat mass (kg)                         66.9±13.5                                   66±14.9          NS         66.2±14.9                   62.7±13.9          NS
  Lean mass (kg)                         59.3±8                                     60±7.9           NS          61±9.5                     64.1±11.6\*        \<0.05
  Fat percentage (%)                    52.8±2.6                                    52±3.8           NS         51.7±3.6                    49.3±3.9\*         \<0.05
  TG (mmol l^−1^)                       1.38±0.57           1.16±0.31\*             1.48±0.33        \<0.05     1.81±0.82  1.64±0.99        1.86±0.6           \<0.05
  Apo-B (mmol l^−1^)                    0.79±0.16                                                               0.75±0.2                                        
  NEFA (mmol l^−1^)                     0.55±0.12           0.67±0.3\*              0.65±0.23        \<0.05     0.53±0.17  0.56±0.18        0.63±0.18          NS
  Chol (mmol l^−1^)                     4.8±0.68            3.34±0.62\*             3.73±0.75\*      \<0.001    4.53±1.04  3.1±0.71\*       3.66±0.72\*        \<0.001
  HDL-Chol (mmol l^−1^)                  1.4±0.3            1.09±0.23\*             0.79±0.2\*       \<0.001    1.26±0.35  0.94±0.26\*      0.72±0.18\*        \<0.001
  LDL-Chol (mmol l^−1^)                 2.78±0.59           1.72±0.5\*              2.27±0.64\*      \<0.001    2.45±0.77  1.39±0.56\*      2.1±0.61\*         \<0.001
  Fructosamine (umol l^−1^)              202±5.0            160±3.1\*\*\*           165±3.3\*\*\*    \<0.001     230±9.9   173±6.1\*\*\*    181±7.1\*\*\*      \<0.001
  hsCRP (g l^−1^)                       10.1±1.5            133±8.9\*\*\*           68.4±6.9\*\*\*   \<0.001    10.8±1.7   148±14.7\*\*\*   86.5 ±16.4\*\*\*   \<0.001

Abbreviations; BMI, body mass index; Chol, cholesterol; hsCRP, high sensitivity C-reactive protein; NEFA, non-esterified fatty acid; TG, triglyceride. The values are presented as mean±s.d. and significant differences were analyzed by repeated measures ANOVA followed by Holm--Sidak post-hoc test (\*P\<0.05) vs preoperative state.

###### Long-term changes in plasma values in non-diabetic and diabetic patients following BPD-DS surgery

  *Variables*                  *Non-diabetic women* n=*32*  *Diabetic women* n=*22*                                                                   
  --------------------------- ----------------------------- ------------------------- ------------- --------- ----------- ------------- ------------- ---------
  BMI (kg m^−2^)                        48.6±7.4            35.8±6.2\*                 29.5±6.2\*    \<0.001    49.8±8    37.2±6.6\*      32±5.6\*     \<0.001
  Fat mass (kg)                         66.9±13.5           40.5±11.3\*                28.1±11.1\*   \<0.001   66.2±14.9  39.6±11.1\*    29.9±9.7\*    \<0.001
  Lean mass (kg)                         59.3±8             52.4±7.2\*                  50.3±6\*     \<0.001    61±9.5    55.1±9.3\*     50.9±9.2\*    \<0.001
  Fat percentage (%)                    52.8±2.6            43±5.3\*                   34.8±7.4\*    \<0.001   51.7±3.6   41.4±5.9\*     36.5±7.1\*    \<0.001
                                                                                                                                                           
  TG (mmol l^−1^)                       1.38±0.57           1.17±0.35\*                0.98±0.4\*    \<0.001   1.81±0.82  1.6±0.81       1.34±0.34\*   \<0.05
  Apo-B (mmol l^−1^)                    0.79±0.16           0.57±0.1\*                 0.48±0.09\*   \<0.001   0.75±0.2   0.67±0.31       0.61±0.17      NS
  NEFA (mmol l^−1^)                     0.55±0.12           0.51±0.17                   0.52±0.17      NS      0.53±0.17  0.64±0.24       0.58±0.24      NS
  Chol (mmol l^−1^)                     4.8±0.68            3.26±0.59\*                3.24±0.55\*   \<0.001   4.53±1.04  3.58±0.97\*    3.66±0.72\*   \<0.001
  HDL-Chol (mmol l^−1^)                  1.4±0.3            1.06±0.28\*                1.26±0.29\*   \<0.001   1.26±0.35  0.98±0.29\*    1.09±0.25\*   \<0.001
  LDL-Chol (mmol l^−1^)                 2.78±0.59           1.66±0.4\*                 1.54±0.37\*   \<0.001   2.45±0.77  1.87±0.81\*    1.96±0.65\*   \<0.001
  Fructosamine (umol l^−1^)              202±5.0            189±3.6                      197±2.5       NS       230±9.9   203±5.1          201±4.0       NS
  hsCRP (g l^−1^)                       10.1±1.5            4.0±0.9                      1.6±0.3       NS      10.8±1.7   6.4±1.6          2.5±0.5       NS

Abbreviations; BMI, body mass index; Chol, cholesterol; hsCRP, high sensitivity C-reactive protein; NEFA, non-esterified fatty acid; TG, triglyceride. The values are presented as mean±s.d. and significant differences were analyzed by repeated measures ANOVA followed by Holm--Sidak post-hoc test (\**P*\<0.05) vs preoperative state.

###### Correlation of acute changes with improvement in HOMA-IR at 5 days

                                 *Model 1*                        *Model 2*
  ------------------------------ -------------------------------- --------------------
  Dependent variable             HOMA-IR (5 days)                 ΔHOMA-IR (5 days)
  R^2^ (*P*-value)               0.454 (*P*\<0.001)               0.351 (*P*\<0.001)
  Independent variables (24 h)   %Δ-ASP (*P*=0.001)               %Δ-ASP (*P*=0.001)
                                 Δ-HDL (*P*\<0.001)               HDL (*P*=0.009)
                                 hsCRP (*P*=0.020)                hsCRP (*P*=0.036)
                                 Total cholesterol (*P*\<0.001)    

For dependent variables, HOMA-IR at 5 days and ΔHOMA-IR (5-day value ---preop. value) were used. Independent variables included all variables shown in [Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"} at 24 h, or the change in these variables at 24 h (24-h value---preop. value). Forward stepwise regression analysis was used, with the model explaining the greatest variability presented.
